University of Texas at El Paso

ScholarWorks@UTEP
Departmental Technical Reports (CS)

Computer Science

9-1-2022

Why Seneca Effect?
Sean R. Aguilar
The University of Texas at El Paso, sraguilar4@miners.utep.edu

Vladik Kreinovich
The University of Texas at El Paso, vladik@utep.edu

Follow this and additional works at: https://scholarworks.utep.edu/cs_techrep
Part of the Computer Sciences Commons, and the Mathematics Commons

Comments:
Technical Report: UTEP-CS-22-105
Recommended Citation
Aguilar, Sean R. and Kreinovich, Vladik, "Why Seneca Effect?" (2022). Departmental Technical Reports
(CS). 1762.
https://scholarworks.utep.edu/cs_techrep/1762

This Article is brought to you for free and open access by the Computer Science at ScholarWorks@UTEP. It has
been accepted for inclusion in Departmental Technical Reports (CS) by an authorized administrator of
ScholarWorks@UTEP. For more information, please contact lweber@utep.edu.

Why Seneca Effect?
Sean R. Aguilar and Vladik Kreinovich

Abstract Already ancients noticed that decrease is usually faster than growth –
whether we talk about companies or empires. A modern researcher Ugo Bardi
confirmed that this phenomenon is still valid today. He called it Seneca effect, after
the ancient philosopher Seneca – one of those who observed this phenomenon. In
this paper, we provide a natural explanation for the Seneca effect.

1 Formulation of the Problem
Empirical fact. Ancient philosopher Seneca observed, in his Letters to Lucilius [11],
that in many situations, “Fortune is of sluggish growth, but ruin is rapid" (Letter 91,
Part 6). In [1], a modern researcher Ugo Bardi showed that this observations is still
valid – and that it is applicable to many social phenomena be it states, companies,
etc. Bardi called this Seneca effect.
Problem. A natural question: how can we explain this widely spread phenomenon?
What we do in this paper. In this paper, we provide a possible explanation of the
Seneca effect.
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2 Our Explanation
Case study. We will illustrate our explanation on an example where the Seneca effect
has a clear numerical description: namely, on the growth and collapse of a company.
Historically, many companies first rather slowly grow to a significant size and then
– much faster– decline. In such cases, the value of a company can be measured by
the overall values of its stock.
What affects the company’s valuation: a brief reminder. The overall value of
a company’s stock, like every other monetary value, is determined by supply and
demand:
• When more people want to buy this stock than to sell, the price of the stock goes
up – and, thus, the overall company’s valuation increases.
• Vice versa, when more people want to sell this stock than to buy it, the price of
the stock decreases – and thus, the overall company’s valuation decreases.
Whether people want to buy or to sell a stock depends on this stock’s trend:
• if the price of the stock increases, more people want to buy it, while
• if the price of the stock decreases, more people want to sell it.
The resulting positive feedback. As a result, there is a positive feedback that
enhances both increase and decrease of the company’s valuation:
• When a company’s stock increases in value, more people want to buy it, and this
increases its value even more.
• Similarly, when a company’s stock decreases in value, more people want to sell
it, and this decreases its value even more.
At first glance, the corresponding symmetry does not leave space for the Seneca
affect. In all the above observations, increase and decrease of the company’s valuation
are described in similar terms. Because of this “symmetry”, it looks like the speed
of growth should be similar to the speed of decline – while in reality, the observed
Seneca effect indicates that in many cases, these speeds are different.
How can explain this difference? In order to come up with such an explanation,
let us go deeper into the behavior of investors. For this purpose, let us recall how –
according to decision theory – investors (and people in general) make their decisions.
How people, in general, make decisions: a brief reminder. According to decision
theory, preferences of a rational person can be described by a special function called
utility that assigns a numerical value to each possible alternative. When people are
faced with several alternatives, then select the one with the largest possible value of
utility; see, e.g., [2, 3, 5, 6, 7, 8, 9].
It is important to mention that utility is not exactly proportional to money. A good
approximation is that utility is proportional to a square root of a monetary gain or
loss 𝑚; see, e.g., [4]:
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√
• for gains 𝑚 > 0, the utility is approximately equal to 𝑢 ≈ 𝑐 + · √︁𝑚; while
• for losses 𝑚 < 0, the utility is approximately equal to 𝑢 ≈ 𝑐 − · |𝑚|.
The fact that this dependence is non-linear makes sense:
• the same increase in utility means the same gain in good feelings,
• however, clearly, an increase from 0 to $100 is much more important for a person
that a similar-size increase from $10,000 to $10,100.
It should also be mentioned that people are much more sensitive to losses than to
gains, i.e., that 𝑐 − > 𝑐 + [4].
Let us use this description of human decision making to analyze our situation.
Analysis of the situation. Each investor’s action – whether it is buying or selling
– requires some effort and comes with some costs. Because of this, investors only
perform this action when the expected change in utility is larger than the decrease
in utility caused by these auxiliary costs. Let us denote the decrease in utility
corresponding to the auxiliary cost of buying or selling a single stock by 𝑢 0 .
From this viewpoint, let us analyze when the investor will make a decision to buy
or sell a given stock. Let us denote the current value of the investor’s portfolio by 𝑥,
and let us denote the expected change in the stock’s price by 𝑥0 .
If the price of this stock is increasing – and expected to continue to increase
– then, if the investor spends some amount to buy this stock, the value of his/her
portfolio is expected to increase by 𝑥0 , to the new value 𝑥 + 𝑥√0 . Thus, the investor’s
utility is expected to increase from the original amount 𝑐 + · 𝑥 to the new amount
√
𝑐 + · 𝑥 + 𝑥0 . So, the expected increase in utility is equal to the difference
√
√
𝑐 + · 𝑥 + 𝑥0 − 𝑐 + · 𝑥.
The investor will buy this stock when this difference exceeds the threshold 𝑢 0 :
√
√
𝑐+ · 𝑥 + 𝑥0 − 𝑐+ · 𝑥 ≥ 𝑢0 .
(1)
i.e., equivalently, when
where we denoted

√

√
𝑥 + 𝑥0 − 𝑥 ≥ 𝑐0 ,
def

𝑐0 =

(2)

𝑢0
.
𝑐+

Similarly, if the price of this stock is decreasing – and expected to continue to
decrease – then, if the investor does not sell this stock, the value of his/her portfolio
is expected to decrease by 𝑥0 , to the new value 𝑥 −
utility is
√ 𝑥0 . Thus, the investor’s √
expected to decrease from the original amount 𝑐 + · 𝑥 to the new amount 𝑐 + · 𝑥 − 𝑥0 .
So, the expected decrease in utility is equal to the difference
√
√
𝑐+ · 𝑥 − 𝑐+ · 𝑥 − 𝑥0 .
The investor will sell this stock when this difference exceeds the threshold 𝑢 0 :
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√
√
𝑐+ · 𝑥 − 𝑐+ · 𝑥 − 𝑥0 ≥ 𝑢0 .
i.e., equivalently, when

√

(3)

√
𝑥 − 𝑥 − 𝑥0 ≥ 𝑐0 ,

(4)

where the value 𝑐 0 is the same as before.
Towards the resulting explanation of the Seneca effect. √
According to our analysis,
√
the investor buys the stock when the difference 𝑥 + 𝑥0 − 𝑥 from the left-hand side
of the formula (2) exceeds the threshold 𝑐 0 . So, the smallest increase 𝑥0 = 𝑥 + at which
the investor starts buying the stock corresponds to the case when this difference is
equal to the threshold value 𝑐 0 :
√
√
𝑥 + 𝑥+ − 𝑥 = 𝑐0 .
√
By adding 𝑥 to both sides, we get
√
√
𝑥 + 𝑥+ = 𝑥 + 𝑐0 .
Squaring both sides, we get
√
𝑥 + 𝑥+ = 𝑥 + 2𝑐 0 · 𝑥 + 𝑐20 ,
hence

√
𝑥+ = 2𝑐 0 · 𝑥 + 𝑐20 .

(5)
√

√

Similarly, the investor sells the stock when the difference 𝑥 − 𝑥 − 𝑥0 from the
left-hand side of the formula (4) exceeds the threshold 𝑐 0 . So, the smallest decrease
𝑥0 = 𝑥− at which the investor starts selling the stock corresponds to the case when
this difference is equal to the threshold value 𝑐 0 :
√
√
𝑥 − 𝑥 − 𝑥− = 𝑐0 .
√
By adding 𝑥 − 𝑥− − 𝑐 0 to both sides, we get
√
√
𝑥 − 𝑐0 = 𝑥 − 𝑥− .
Squaring both sides, we get
√
𝑥 − 2𝑐 0 · 𝑥 + 𝑐20 = 𝑥 − 𝑥 − ,
hence

√
𝑥− = 2𝑐 0 · 𝑥 − 𝑐20 .

(6)

We can see that 𝑥− < 𝑥 + , so selling starts at a smaller change in stock price than
buying. Thus, if we compare two situations:
• when the stock price increases with time, from some initial value 𝑥 0 , to the new
value 𝑥 0 + 𝑎(𝑡), and
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• when the stock price similarly decreases with time, from the same initial value
𝑥0 , to the new value 𝑥0 − 𝑎(𝑡),
then selling in the second situation starts earlier than buying in the first situation. We
have mentioned that both selling and buying affect the stock price:
• selling further decreases the stock price, while
• buying further increases the stock price.
Thus, the fact that selling starts earlier than buying means that the corresponding
selling-caused decrease starts earlier than the buying-caused increase. Therefore,
the resulting selling-caused decrease will be larger than a similar buying-caused
increase.
In other words, the decrease in stock price happens faster than the corresponding
increase – and this is exactly the Seneca effect that we wanted to explain.

Acknowledgments
This work was supported in part by the National Science Foundation grants 1623190
(A Model of Change for Preparing a New Generation for Professional Practice in
Computer Science), and HRD-1834620 and HRD-2034030 (CAHSI Includes), and
by the AT&T Fellowship in Information Technology.
It was also supported by the program of the development of the ScientificEducational Mathematical Center of Volga Federal District No. 075-02-2020-1478,
and by a grant from the Hungarian National Research, Development and Innovation
Office (NRDI).

References
1. U. Bardi, The Seneca Effect: Why Growth is Slow But Collapse is Rapid, Springer, Cham,
Switzerland, 2017.
2. P. C. Fishburn, Utility Theory for Decision Making, John Wiley & Sons Inc., New York, 1969.
3. P. C. Fishburn, Nonlinear Preference and Utility Theory, The John Hopkins Press, Baltimore,
Maryland, 1988.
4. D. Kahneman, Thinking, Fast and Slow, Farrar, Straus, and Giroux, New York, 2011.
5. V. Kreinovich, “Decision making under interval uncertainty (and beyond)", In: P. Guo and
W. Pedrycz (eds.), Human-Centric Decision-Making Models for Social Sciences, Springer
Verlag, 2014, pp. 163–193.
6. R. D. Luce and R. Raiffa, Games and Decisions: Introduction and Critical Survey, Dover,
New York, 1989.
7. H. T. Nguyen, O. Kosheleva, and V. Kreinovich, “Decision making beyond Arrow’s ‘impossibility theorem’, with the analysis of effects of collusion and mutual attraction", International
Journal of Intelligent Systems, 2009, Vol. 24, No. 1, pp. 27–47.
8. H. T. Nguyen, V. Kreinovich, B. Wu, and G. Xiang, Computing Statistics under Interval and
Fuzzy Uncertainty, Springer Verlag, Berlin, Heidelberg, 2012.
9. H. Raiffa, Decision Analysis, McGraw-Hill, Columbus, Ohio, 1997.

6

Sean R. Aguilar and Vladik Kreinovich

10. R. T. Rockafeller, Convex Analysis, Princeton University Press, Princeton, New Jersey, 1997.
11. L. A. Seneca, Letters on Ethics: To Lucilius, University of Chicago Press, Chcago, 2017.

